To determine the sensitivity and specificity of mean corpuscular volume, transferrin saturation, total ironbinding capacity, and ferritin level in determining iron deficiency in a population of anemic veterans with a wide variety of general medical diagnoses. 
A nemia of chronic disease classically refers to anemia in patients with adequate iron stores occurring in conjunction with chronic inflammation, infection, and malignancy, [1] [2] [3] or chronic renal failure. [4] [5] [6] [7] [8] [9] [10] [11] [12] Numerous studies have evaluated the efficacy of serum iron indicators as gauges of iron stores in anemic patients with these chronic diseases. A number of these studies have correlated serum iron measures with bone marrow hemosiderin (Table 1) . [27] [28] [29] [30] [31] [32] [33] What appears to be less clear is the efficacy of serum iron indicators for anemic patients with medical problems other than infection, inflammation, malignancy, or chronic renal failure. We wondered if the findings of earlier research evaluating the performance of serum iron parameters in the anemia of chronic disease applied to patients with a wider spectrum of concomitant medical conditions. Such a question is relevant as the serum iron indicators are routinely ordered in the evaluation of anemia at substantial cost.
The intention of this retrospective chart review was to determine the sensitivity and specificity of routinely ordered serum indicators of iron status, mean corpuscular volume (MCV), transferrin saturation, total iron-binding capacity (TIBC), and ferritin level, in a population of anemic veterans with any acute or chronic concomitant medical problem. Bone marrow hemosiderin on an aspirated smear was designated as the reference standard for determining iron deficiency. Despite its semiquantitative and subjective classification of bone marrow iron, the bone marrow aspirate remains the best estimate of the presence or absence of iron deficiency available to the practicing physician. 4, 33 
METHODS

Participants
A computer-generated search of hospital records determined that 943 bone marrow examinations were performed at the Department of Veterans Affairs (VA) Medical Centers in Madison and Milwaukee, Wisconsin, from January 1989 to June 1994. Patients were eligible for further study only if they had serum iron indicators (MCV, transferrin saturation, TIBC, and ferritin level) measured within 30 days of a bone marrow examination, microcytic or normocytic (MCV Յ 100 fL) anemia (hemoglobin Յ 140 g/L [14 g/dL]), and a concomitant acute or chronic medical problem. A total of 842 patients were excluded from further study owing to macrocytosis ( n ϭ 29), lack of iron studies ( n ϭ 574), remote iron studies drawn more than 30 days from the time of bone marrow examination ( n ϭ 89), an absence of or inadequate aspirate specimen ( n ϭ 35), insufficient documentation ( n ϭ 9), absence of ane- Blumberg et al. 10 /1983 All patients who had BM (n ϭ 248)
The highest ferritin without BM iron was 64 g/L; lowest with iron was 12 g/L.
Ali et al. 28 
Diagnoses
Medical records of the remaining 101 patients were reviewed. Any diagnosis documented in the patient record was recorded as a chronic medical problem including hypertension, chronic obstructive pulmonary disease, diabetes, cancer, vascular disease, arthritis, renal failure, and autoimmune disorders. An acute medical problem was usually an infection or an exacerbation of a chronic condition. Most subjects had more than two chronic medical problems, and the most active problem at the time of the bone marrow examination and serum iron studies was ascertained from the medical record. Pertinent laboratory data (e.g., liver enzymes, renal function, erythrocyte sedimentation rate) were also recorded when available.
Biochemical Studies
Hematologic and serum biochemical analyses were performed by automated methods in the clinical laboratories at the two hospitals.
Bone Marrow Examinations
The marrow aspirates were prepared and examined in the clinical laboratories at the two hospitals. All were obtained from the iliac crest, placed in ethylenediaminetetraacetic acid (EDTA), concentrated, smeared on glass slides, and coverslipped. Stains for morphology were prepared in Wright-Giemsa, and iron was stained with Prussian blue with positive controls on each slide. Bone marrow iron was examined under oil immersion to look for ringed sideroblasts. Iron was quantified using a grade of 0 to 6. Iron deficiency was defined as the total absence of bone marrow hemosiderin. Any amount of stainable iron resulted in the placement of a patient in the iron-sufficient category. Because of the widely held opinion that a serum ferritin level Ͼ100 g/L excludes the diagnosis of iron deficiency, we personally reexamined 4 of the 13 bone marrow specimens interpreted initially as iron deficient from patients with ferritin levels Ͼ100 g/L with a hematologist blinded to the ferritin level and other clinical information. All four specimens were confirmed to have absent iron.
Statistical Analysis
Once the patients were classified as iron deficient or sufficient, sensitivities, specificities, and predictive values for the various serum iron indicators were calculated. 34 Receiver-operating characteristic curves were constructed to aid in choosing the optimal cutoff point for each test in the assessment of iron status. 34 The data were compared for the iron-deficient and iron-sufficient groups using the Mann-Whitney U Test. Statistical significance was assigned at p Յ .01 to adjust for multiple comparisons.
RESULTS
Of the 101 patients, 41 (40.6%) were iron deficient and 60 (59.4%) were iron sufficient. Other demographic and clinical information is presented in Table 2 . The only significant differences found among the data for the irondeficient and iron-sufficient groups were TIBC (p Յ .001) and ferritin level (p Յ .001). Forty-five patients had diseases typically associated with the anemia of chronic disease. Eight of these 45 and 5 other patients had renal failure (serum creatinine level Ͼ153 mol/L [2.0 mg/dL]). The other 51 had a spectrum of medical illnesses including chronic obstructive pulmonary disease, heart disease, hypertension, and diabetes. Of all the serum iron indicators studied, serum ferritin level proved to best reflect iron status (Fig. 1) . Using a ferritin value Յ100 g/L maximized its sensitivity (64.9%) and specificity (96.1%) for the detection of iron deficiency in this population of patients and gave a positive predictive value of 92% and a negative predictive value of 79%. Exclusion of patients with infection, inflammation, and malignancy (n ϭ 45) did not substantially alter the sensitivity or specificity (73.1% and 100%, respectively). The five patients with renal failure who were iron deficient had ferritin levels ranging from 29 to 487 g/L. Although standard references, 1,2,35 even within the same text, 35 vary widely on ferritin levels said to indicate iron deficiency, serum ferritin levels Յ12 g/L and Յ20 g/L are frequently cited. 35 In our patients, these levels had sensitivities of 8.1% and 18.9% and specificities of 98% and 98%, respectively. Positive and negative predictive values for levels Յ20 g/L were 87% and 62%, respectively, and for levels Յ12 g/L, 75% and 60%, respectively.
None of the other serum iron indicators performed as well as ferritin. Figure 2 shows that the TIBC and transferrin saturation displayed considerable overlap between the iron-deficient and iron-sufficient groups. A transferrin saturation Յ0.20 had a sensitivity of 60.5% and specificity of 48.1%. Total iron-binding capacity Ն45 mol/L had a sensitivity of 71% and a specificity of 75%. Mean corpuscular volume Յ80 fL had a sensitivity of 7.1% and a specificity of 88.3%. Combining a ferritin level Յ100 g/L with TIBC Ն45 mol/L did not improve the performance of ferritin level alone, yielding a sensitivity of 55.9% and specificity of 100%. Similarly, no improvement occurred by combining a ferritin value Յ100 g/L with TIBC Ն45 mol/L and transferrin saturation of 0.20, yielding a sensitivity of 31.4% and a specificity of 100%.
If only those patients (n ϭ 26) who had serum ferritin levels determined within 1 day of their bone marrow examinations were used in the calculation of sensitivity and specificity, both improved to 100% for ferritin level Յ100 g/L. Transferrin saturation, TIBC, MCV, ferritin level Յ12 g/L or ferritin level Յ20 g/L did not consistently improve in performance for this group although TIBC Ն45 mol/L improved to a sensitivity of 81.8% and specificity of 84.6%.
DISCUSSION
In this retrospective study of anemic veterans with concomitant medical illnesses who had serum iron indicators measured and bone marrow examinations within 30 days, we found that a ferritin level Յ100 g/L outper- formed MCV, transferrin saturation, and TIBC, either alone or in combination, in correctly diagnosing iron deficiency. However, because of its relatively low sensitivity, using a cutoff ferritin level Յ100 g/L to indicate the presence of iron deficiency would still have missed more than one third of the patients lacking bone marrow iron stores. The prevalence of iron deficiency (40.6%) in our patients is consistent with that found by bone marrow iron examination in anemic patients with reumatoid arthritis (55%), 15 patients with other chronic inflammatory or infectious diseases (36%), 27 and hospitalized patients requiring a bone marrow examination (50.4%). 32 Assuming this prevalence is similar for veterans with concomitant medical illness in other medical centers, the positive and negative predictive values of 92% and 79%, respectively, for a ferritin value Յ100 g/L should be reasonable estimates for the clinician. A serum ferritin level Յ50 g/L is cited as evidence for iron deficiency in anemic patients with coexisting chronic disease states such as inflammation, infection, and malignancy. 1, 3 Our study suggests that this cutoff may be too low in anemic patients seen at VA medical centers. Serum ferritin levels Ͼ100 g/L, 35 and Ͼ150 g/ L, 2 are stated in medical textbooks to reassure clinicians that iron deficiency is not present. This was not the case in the present study. For example, the highest ferritin level found in the iron-deficient group was 518 g/L.
Conversely, one patient in the iron-sufficient group had a ferritin level of 1 g/L.
Seven previous studies examined the efficacy of various serum iron indicators in diagnosing iron deficiency in patients with medical problems not limited to the usual medical conditions associated with the anemia of chronic disease. [28] [29] [30] [31] [32] 36, 37 Six of these included assessment of bone marrow iron. [28] [29] [30] [31] [32] 36 Five of these studies were in hospitalized patients, and one appears to have included both inpatients and outpatients. 28 Sensitivity and specificity of serum ferritin level was provided or could be calculated from the data provided in five of these studies. [28] [29] [30] [31] 36 Both Mazza et al. 29 and Ali et al. 28 found the sensitivity and specificity of serum ferritin for detecting absent bone marrow iron to be similar to those found in our study, but with much lower cutoffs for ferritin level (18 g/L and 12 g/L, respectively). We were able to calculate a sensitivity of 94.7% and a specificity of 77.6% for serum ferritin level Յ100 g/L using the data points provided in the study by Mazza et al. 29 One possible explanation for greater sensitivity and lower specificity in this study compared with our results is that 11 (58%) of 19 iron-deficient subjects evaluated by Mazza et al. were classified as having uncomplicated iron deficiency (i.e., simple blood loss) without other diseases. Our study also included both inpatients and outpatients, and our subjects were almost entirely male. Witte et al. attempted to adjust the serum ferritin level cutoff for iron deficiency according to the erythrocyte sedimentation rate in 43 hospitalized patients, 36 but subsequent studies found this prediction model invalid. 26, 27 Transferrin saturation Յ20% was more sensitive (76.5%-92.9%) for iron deficiency in three studies that investigated this parameter in unselected hospitalized patients, [29] [30] [31] compared with our study, which found a transferrin saturation of Յ20% to be only 60.5% sensitive. This may again be attributed to the proportionately fewer patients with uncomplicated iron-deficiency anemia in our study. The specificity of the transferrin saturation FIGURE 1. Receiver-operating characteristic curves for serum iron indicators using the presence or absence of bone marrow hemosiderin as the reference standard for iron sufficiency or deficiency, respectively. The points along the curves from left to right represent calculations for ferritin level Յ12, Յ20, Յ50, Յ100, and Յ150 g/L; total iron-binding capacity Ն81, Ն72, Ն63, Ն54, and Ն45 mol/L; and transferrin saturation value of 0.10, 0.15, and 0.20. was poor in all studies. Transferrin saturation has also been shown to correlate poorly with bone marrow iron stores in patients with anemia and the more traditional chronic diseases. 10, 11, 13, 26, 32 Our finding that both the sensitivity and specificity of a ferritin level Յ100 g/L improved to 100% if only patients (n ϭ 26) with serum ferritin obtained within 1 day of their bone marrow examinations were included suggests that the diagnostic accuracy of serum ferritin level for iron deficiency is actually better than the results reflected from evaluation of ferritin level and bone marrow examination within 30 days. Although this same-day correlation of serum ferritin level with bone marrow iron value strengthens the clinicians' confidence in using a serum ferritin value Յ100 g/L as evidence of iron deficiency, sensitivity remained low for ferritin levels Յ12 g/L and Յ20 g/L, the more commonly used cutoff levels recommended as indicating iron deficiency. Furthermore, evaluation of the anemic patient typically proceeds in a stepwise fashion such that the correlation of serum ferritin level and bone marrow iron value within 30 days of each other may more closely approximate the time frame of these tests in actual medical practice.
Caution is urged in extrapolating the results of this study in mostly male veterans to other patient populations. We also remind the reader that our sample was from the population of anemic patients who received bone marrow examinations. We have no information on those who were anemic and did not have bone marrow iron stores evaluated. Nevertheless, our findings suggest that, at least in this patient population, serum iron indicators other than ferritin level do not discriminate accurately between the presence and absence of bone marrow iron. Their performance is similarly poor in populations of patients with inflammatory rheumatic disease, 26 hematologic malignancies, 18 or chronic renal failure. 12 We suggest that there is abundant evidence from studies in patients with inflammation, infection, maligancy, or chronic renal failure and growing evidence from studies in patients with unselected acute and chronic illnesses that transferrin saturation and TIBC can be eliminated from the evaluation of microcytic or normocytic anemia.
In summary, our review of serum iron indicators and bone marrow iron stores in 101 anemic veteran patients suggests that in this limited population a serum ferritin value Յ100 g/L has a high specificity for diagnosing the presence of iron deficiency in patients with a wide variety of chronic and acute medical problems. If the ferritin level determination and bone marrow examination are performed within 24 hours of each other, the sensitivity of a serum ferritin level Յ100 g/L for iron deficiency is also high. Our results suggest that the recommended serum ferritin threshold of Յ50 g/L for diagnosing iron deficiency in anemic patients with coexisting inflammation, infection, or malignancy may be too low in anemic patients with a wider variety of acute and chronic illnesses receiving care at the nation's 172 VA medical facilities and that raising the threshold to Յ100 g/L may be preferable. Despite the routine practice of ordering transferrin saturation and TIBC tests to evaluate anemic patients, we found in this setting that these measures offered nothing beyond the serum ferritin level in discriminating iron-deficient from iron-sufficient patients. Furthermore, when there is any clinical ambiguity, the clinician may still need to examine bone marrow iron stores to diagnose iron deficiency.
